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INTRODUCTION 



tn 1964 Congress passed the Urban Mass Transportation Act 
and the federal government became involved in developing urban 
transportation systems. The Act was the beginning of what would 
be a long and difficult struggle to upgrade public 
transportation in the United States. 

A study conducted by the National Academy of Engineering in 
1968 concluded that a new generation urban bus design was needed 
to replace the "New Look" design in use since 1959. Among the 
goals to be met by the innovative bus were: a lower floor for 
improved access by the elderly and the handicapped; a more 
comfortable ride; energy conservation; and easier 
maintainability . 

In 1970, the Urban Mass Transportation Administration (UMTA) 
of the United States Department of Transportation (DOT) 
announced its "Transbus" program. UMTA contracted with the 
consulting firm Booz-Allen Applied Research in 1971 to help 
develop the government funded prototypes. The "object (was) to 
produce (a) modern, comfortable, reliable standardized 40 foot 
bus . " [ 1 ] The government vs . manufacturers battle was about to 
begin. 



[1] "Oversight of the Urban Mass Transportation Administration's 
Technology Development and Equipment Procurement Programs (Bus and 
Rail Rolling Stock) , " Hearings Before the Subcommittee on Oversight 
and Review of the Committee on Public Works and Transportation, U.S. 
House of Representatives, Ninety-Sixth Congress, first session, 
May 16, 17, 22, 1979 (Washington: U.S. Government Printing Office, 
1979), p. 3. 
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PART A: IMPLEMENTATION OF A NEW DESIGN 

1971-1973: Prototype Development 

In 1971, Mike Buckel joined Booz-Allen as a test engineer 
and began work on the Transbus project. Mike had received a 
B.S. in Mechanical Engineering from Washington University in St. 
Louis and a Master of Automotive Engineering from Chrysler. He 
worked at Chrysler for nine years before joining Booz Allen. 
During the next three years, Mr. Buckel would become involved in 
developing what was to be the "next generation of transit 
buses." According to the Urban Mass Transportation Administra- 
tion's (UMTA) proposal, each of three manufacturers (AM General, 
General Motors Corporation, Rohr Flxible) were to produce three 
prototypes. Those designs would be tested and the design of a 
production bus would combine the best features of the 
prototypes. The schedule was laid down by UMTA. The proposals 
from the manufacturers would be accepted at the end of 1971, 
contracts would be granted in January of 1972 and, as Mike 
Buckel put it, the prototypes would be "running in time for the 
1972 elections (if you can believe a schedule like that)." As 
Mr. Buckel expected, the schedule was not followed. It was not 
until June of 1972 that UMTA approved the contracts for proto- 
type development. 

Mike was enthusiastic about the project, calling it a "once 
in a lifetime opportunity" for an engineer because it was 
"perceived to have unlimited funding." 

At the same time that work began on a Transbus design, 
General motors had an "advanced design" that they had been 
working on since the mid 1960s. In 1971, GM wrote to DOT 
Secretary Volpe explaining that they had already begun work on 
an innovative design which met the goals of the Academy's study, 
but they would stop all work on the new bus because of the 
Transbus project. 

The manufacturers were each awarded $ 8 million and the 
Transbus prototypes were developed. According to Mike, they 
were developing "new suspensions and bodies, rearranging drive 
lines. . . all the things that normally take 15-20 years." 
Testing was begun on the prototypes in mid 1973. Exhibit A-l 
shows photographs of the three prototypes. 

1973-1975 : Testing the Prototypes 

Mike Buckel was the Testing Manager for Transbus. The 
prototypes underwent performance, safety and then durability 
tests. During the performance testing, Mike Buckel found that 
"every part on every bus was unique. . . each bus had a unique 
set of problems." 

For example, the AM General bus had transmission trouble and 
Mike heard the disc brakes from "a half mile away (and the) 
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longer you ran them, the hotter they got until there was a white 
cloud following the thing down the street as the linings were 
burning up . " 

"The Rohr bus had four axles — each of the twelve tires 
pointed in a different direction. The brakes worked real well, 
but those little tires would overheat, blow up, and shed their 
tread as even the tires were experimental . " Exhibit A-2 shows 
the rear tandem axle to which Mr. Buckel referred. 

Of course the General Motors bus had its problems also. 
Mike noted that "GM had oil cooled disc brakes which we (Booz- 
Allen engineers) couldn't get the friction material out of. The 
friction material from a failed brake would get carried by the 
oil through the coolers and get distributed throughout the other 
brake units and would cause them to fail. It would take a week 
to flush the contaminants out of the brake system." 

As part of the in-service demonstration, Mike and others 
from Booz-Allen took the prototypes out on a cross-country trip. 
Mike had many discussions with Booz-Allen administrators about 
the nature of this United States "testing tour." A conversation 
might have gone something like: 

Mike: "We bought a truck and filled it with tools and spare 
parts . " 

Booz-Allen: "Whaddya mean 'buy a truck, 1 what do you mean 
'buy tools 1 ? Who's going to drive them?" 

Mike : "Mechanics . " 

Booz-Allen: "We don't hire mechanics, we're scientists." 

Mike: "We've got some buses to keep running." 

Booz-Allen : "But those buses were built by the three emi- 
nent manufacturers in the U.S. What makes you think 
they're going to break?" 

Mike: "Believe me, they're going to break." 

Mike kept a map of the trip. He said they "tried to convoy 
them whenever possible, but the AM General usually died about a 
day out. Coming from Miami it died in Orlando. Leaving New 
York it died at the Delaware Water Gap, leaving Kansas City it 
died at Lemon, Colorado," and they actually had to abandon it 
"at the bottom of Death Valley and (bring) it out on a hook." 
Exhibit A-3 is a map indicating the route covered on the trip 
and the locations of the major breakdowns. 

Mike realized that each bus had unique problems because each 
used a different approach to meetng a given design challenge. 
Above all, Mike tried to keep in his mind and in UMTA's that 
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they did not "ever want to confuse those buses with production 
samples" because the Transbus project was originally "conceived 
as a prototype development." But that is exactly what did occur 
as subsequent administrations dubbed the prototypes as THE 
BUSES. As a result of that judgment, Mr. Buckel saw the 
problems with Transbus magnified in the public eye. There were 
four different UMTA administrators during the time when the 
specifications were being developed, and 18 different 
individuals responsible for the Transbus contract. In Mr. 
Buckel 1 s words, there was "a 90 to 180 degree direction change 
with each administration." 

While Mike Buckel and other engineers from Booz-Allen were 
making their weekly visits to the manufacturers to review the 
design work they "started seeing things that didn't look right 
at GM. There weren't enough axles and the floor was too high." 
GM said they were using their own funds to develop a related 
design called the RTS-II. Although Mike noted that the RTS-II 
had "a lot of things that were identical" to Transbus, a 
government audit found that no government money was being put 
towards the RTS-II development. GM was bringing the two bus 
designs along in parallel. 

In 1974, Congress attached a stipulation to UMTA's budget 
for 1975 saying that "none of the funds provided under this Act 
shall be available... for the purchase of motor buses... unless 
such . . . buses are designed to meet the mass transportation 
needs of the elderly and handicapped. " [2] 

It became that the manufacturers might have their own ideas 
about innovative bus design to facilitate the elderly and 
handicapped. The accessibility issue was soon to become a key 
factor in the impending struggle between the Transbus and the 
so-called Advanced Design Buses (new designs developed by the 
manufacturers with "advanced features") . 

1975-1978 : The Advanced Design Conflict 

The manufacturers were concerned because "changes in UMTA 
policy and UMTA Administrators and DOT Secretaries (had) been as 
regular as the calendar. " [3] General Motors and Flxible went 
ahead with their Advanced Design Buses (ADBs) as "interim buses" 
to meet the needs of various transit agencies while the Transbus 
specifications were being worked out. Exhibit A-4 is part of a 
statement from a DOT lawyer indicating some policy changes at 
UMTA during 1975 and 197 6 . "The industry went ahead with 
advanced design buses on the strength of a decision 
by . . . UMTA Administrator Patricelli not to mandate 
Transbus. . . "[4] 



[2] 
[3] 

[4] 



Oversight and Review Hearings, p. 4. 
Ibid f p. 97. 
Ibid, p. 128. 
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Since the Transbus and the ADB were developed at the same 
time, the designs had many of the same features. But a few key- 
differences are what caused much of the controversy. Exhibit A- 
5 is a specification and performance comparison of the Transbus 
and ADB. 

The difference in floor height was substantial and caused 
the greatest uproar. After kneeling — a process whereby air 
bags are deflated in the front of the bus so it "kneels " to the 
curb for easier access — the Transbus floor height was to be 18 
inches, the ADB 24 inches. The difference was due to an extra 
step on the ADB. Exhibit A-6 shows the entry floor heights for 
the Transbus in comparison to the ADBs . 

Another major difference between the two buses was the dual 
rear axles in the Transbus (see exhibit A-2) . The tandem axle 
was controversial because it added weight and cost to the bus 
and in addition required costly and unique tires. The 
development of various new components was necessitated because 
of those (and other) distinctions. For example, a smaller 
diameter tire was needed. 

While the technology was still being developed for Transbus, 
the ADBs went into service. In 1976, Flxible announced that 
they were going into production of their ADB the 870. 
Exhibit A-7 is an article which appeared in the American Public 
Transit Association (APTA) magazine Passenger Transport 
announcing the introduction of the Flxible 870. 

At that time, Ed Kravitz was an engineer at Rohr/Flxible in 
Delaware, Ohio. He had led the engineering group responsible 
for the design and development of the Transbus and worked to 
develop the 870 ADB, a project which would bring many 
disappointments in the coming months. 

Also in 1976, the "Houston Consortium, " (a group of six 
transit companies) gave General Motors a large contract for 
interim (ADB) buses. AM General was angered and sued, saying 
that the contract was exclusionary since they could not bid on 
ADBs (they had been working only on Transbus). During the 
litigation there were no bus orders of any type because UMTA 
could not determine what was an exclusionary specification. Mr. 
Kravitz believed that "the specification was in fact 
exclusionary in that it described the GM RTS-II down to the 
exact chemistry of the steel in the body! No other manufacturer 
in the world could have met the specification without starting 
from scratch with a new design." 

Once the ADBs were announced, UMTA decided that it should 
issue guidelines so that the government would have a definition 
of ADB procurement. The specification had to be general enough 
to include both GM's and Flxible 1 s ADBs but exclude the current 
generation of New Look buses. The result of much work (which 
Mike Buckel stressed was done after the buses were built) was 
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the "White Book," (formally, the Department of Transportation's 
Baseline Advanced Design Transit Coach Specification) , a set of 
guidelines for new 35 ft. and 40 ft. coach designs. It was 
released on April 4, 1977. Orders were placed and the bus 
plants reopened. AM General had lost its suit. A year later, 
it dropped out of the bus business. 

Ironically, only one month after the "White Book" was 
released, U.S. Secretary of Transportation Brock Adams announced 
a federal mandate that after September 1979, "all buses offered 
for bid (must) have a floor height of not more than 22 inches 
capable of kneeling to 18 inches above the ground and to be 
equipped with a ramp for boarding ." [5 ] In other words, Brock 
Adams was destroying the ADB procurement process in favor of the 
Transbus. As Mr. Kravitz put it, "he (Adams) rescinded the 
Patricelli mandate for a 30-inch floor with 8-inch risers. This 
action negated eight months of extensive engineering effort to 
meet the August 1976 Patricelli mandate." Exhibit A- 8 shows the 
public affairs release from the DOT. 

During the following two years, much discussion occurred on 
the controversial Transbus/ADB issue. The bus manufacturers 
were of course not very happy about having to stop production of 
their ADBs and restart Transbus. 

On April 24, 1978, Thomas Murphy, Chairman of GM spoke out 
against UMTA 1 s actions, saying that GM's "chief concern over the 
Transbus (was) that the government intend (ed) it to be the only 
bus that a region or municipality (could) purchase if they 
(were) to seek the aid of federal funds." [6] 

Similarly, Grumman (who had bought the Flxible Company from 
Rohr in January) stated that it thought Secretary Adams 1 mandate 
was a "questionable action." [7] Mr. Kravitz and other engineers 
on the bus project at Flxible had already warned the consortium 
of cities awaiting Transbuses that Flxible "would not be there." 

DOT issued the Transbus procurement requirements in August 
197 8 and amended them one month later. Thus amid the 
manufacturers 1 protests, political pressures (the Carter 
administration was very sensitive to the elderly and handicapped 
communities) and disagreement between successive DOT and UMTA 
administrations, tension escalated as the May 2, 1979 bidding 
deadline approached. 



[5] Brock Adams, "Department of Transportation News," (May 19, 1977). 

[6] Thomas Murphy, "GMC Transportation Symposium," (April 24, 1978) p. 11. 

[7] Oversight and Review Hearings, p. 128. 
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AM General Corporation 




General Motors Corporation 




Exhibit A-1 Photos of Transbus Prototypes 
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Exhibit A- 2 Rear Tandem Axle of the Rohr 
Flxible Transbus Prototype 
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"X" denotes * major failure in * prototype 



Exhibit A- 3 Booz-Allen U.S. Tour Map 



In January of 1975, UMTA issued a "Policy for Introducing Transbus into Nation- 
wide Service" which announced that UMTA grantees would be required to purchase 
Transbus and that UMTA would develop a performance specification for the new 
bus that would be a composite of the prototypes that had been developed by AM 
General, GM and Flxible. This policy statement did not set a date after which 
recipients of federal funds would be required to purchase Transbus. However, in 
recognition of the efforts of General Motors to develop Advanced Design Buses 
(ADB's) independent of the Transbus program, it did state that in the period prior 
to introduction of Transbus, UMTA would fund buses such as the ADB's. 

Later in 1975, the question of a Transbus mandate had become quite controversial 
and Robert Patricelli, the new UMTA Administrator, announced that he would 
reopen the matter. In July 1976, it was announced that Transbus would not be 
mandated, but that DOT would support procurements of ADB's. 



Exhibit A- 4 Excerpt from Statement by DOT Counsel Kamm 
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Criterion 


AOS 


Tranebua 




Service Life 


Twelve year* or 900.000 mtfee 


Fifteen yeara or 800,000 mil** 




Floor flight (before 
kneeling) 


Thirty Inchea maximum 


Twenty-two Inchea maximum at 
front door, twenty-four inchea 
maximum at reer door 




(After kneeling) 


Twenty-four Inchea maximum 


Eighteen inchea maximum at front door 




Floor Strength 


Withstand 1 50 Iba through a *A inch rod 


Withatand 180 toe through a % Inch rod 




Wheel housing material 


No specific requirement 


Stemteaa ateel 




Capacity 


Forty-seven aaated 


Forty-six aeeted (no wheelchairs) 




Front Ooor Width 


Thirty Inchea mWmom 


Forty tour Inchee minimum 




Axle Claaranca 


Six Inchea minimum 


Six and one haft inchee minimum 


< 


Wheelchair Facilities 


Optional 


Wheelchair tocfce and turning room 




Towing 


Towing only from the rear 


Kwngma wrwng mm me fwmr 




Curb VI ai Witty 


Driver aee a aix-ineh high curb amen twelve 
Inchea from curb 


Driver aee a eix-mch high curb when six 
inchee from curb 




SM« Window Malarial 


Acrylic In accord with ANSI Z26. 1-1966 


|n^accordwt»ANSI Z26. 1-1977 for AS-3 




Seat Fabric FUmmaWltty 


No requirement 


in accord with FAA Regulation 
2S.M*b> 




Fuel Economy 


No requirement 


3.3 rn<ia< par geHon minimum 




Paeeenger Compartment 


Twenty feet* per minimum per peeeongor 





AM other performance parameter* are the aame for each bus. 



A. Technical 
1. Olmenaionai 
Ground to 1 at Step 

- Exit 

First to 2nd Slop & 
2nd to Floor 

- Entrance 
• ExH 

Floor Height at Front 



Tranebua' 



GMCL 



QFC970 



Door Clearance 



- Exit 
AM* WWth 

2. Suapenaton 



3. Axle 
• Front 



5. Wheeia 



9. Tkee 



14- a 

15- fi 



13.5* 
14.0* 



8-<lattoftoor> 10.7- 

9V!(iat to floor) 10.7* 

22' max 34.9' 

19- 30.9' 



13.5- 
15.7* 



100- 
9.6- 
33.2- 
29.2- 



36- mm 
24- min 
20* mm 



36.0- 

26.5- (push) 
29.0* 



44-49** 

26.5* (pueh) 
28.0* 



Single, 
Rockwell 
RevefaaEtlk* 
Tyoa 
Single. 



13.0* 
15.7* 



9.8* 
10.0* a 
32.0* 
27.0* 

30.0* 



14.0* 
15.0* 



8.0- 
10.2- 
30.0" 
24.0- 



36.0" 

30.0* (pueh) 
29.0* 



Automatic Air Suapenaton Air 
He+ght Control AHetoht 

Control Control 



& Height 



Single. 



93- Ortve Angle 

Air Actuated: 
14.5-xS- Front 
14.5"xl0'Beer 

12.5*x«^5-.10 



9-11:00x22 5" 
43J- 00*11* 



Reverse EMtot 
Type 

Single, ftockweil Stogie. 93* 
93* Drive Angle Drive Angle 



AirActuaaad: 
14.5-xS- Front 15'x9* Front: 
14.5-xlO* Reer I5'x10* Raar 



13\*- 

9-iiJnao- 



22J*x*.25* 



Alr Actuated: 
14.5-xO- Front' 



22.5* x«. 25* 



9-11*0x22.«* 



Specified Hem 



7. 
6. 

9. Electrtoai Syalem 

10. Odometer 

11. Body Construction 



B. Operaltona 
Capacity . Seats 
CurbWeighi. Iba.s 



009V71.6V71 
or Equivalent 

AlllaonTX 
(Automatic) 



Durable. Ex- 
lertor Surface 
Free of 



Yea (or Ramp) 



25.300 max 



- SLW Froni Axle 20.000 max* 

- SLW Rear Axle 34 .000 max* 

Gross Vehicle Weighi. Iba. a 
(Number of Passengers) 
Rear Ax ie (estimated) 



0O9V71 
Cum.VTB-903 

AWaonTW 
(Automatic) 



D09V71/ 
6V71 



730 
(Automatic) 



D09V71/9V71 



Slides at 
Stte 

Fixed at Rear 
Yea 

51 nom. 
22.900* 

30.500 
6.900 

21.700 

35.300(90) 

23.500 



SI Wee at 

Side 

Fixed at Reer 
Yeo* 

51 nom. 
22.000* 



6.500 
21.500 
34.200(90) 

23.700 



12Y/Aftemator 12V/Gener**or 24- 12V/ 



Steef Structure 
6 Aluminum 



12V/Artemetor 



Yee (Rear Ooor) Yea 



47 

29.000* 

33.100 
11.900 

21.200* 

38.000(60) 

23.800 



49 

24.900- 

32.100 
10.500 

21.800 

36.800(80) 

24.000 



Exhibit A- 5 Transbus/ADB Specification Comparison 
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Floor 



Floor 



Ground 



1 

9.6" 

,4 | 

8" 



Floor 



18" 



T 

10" 

1 



8" 
I 

3T 



24" 



8" 



Standard RTS II 



Transbus 



Source "Transbus, A Study by GMC Truck and Coach £ngio««hng." May 197$. 
' The** dimensions also apply to the Grvmman h'lxibte 870 with tow profit* tires. 



RTS Low Floor* 
(never built) 



GMC RTS-II 



Parameter 


Transbus 


Standard 


Low Floor 


Grumman Flxible 
870 


Front Floor Height 


22" 


32" 


29" 


30" 


Front Floor 
Height-Kneeled 


18" 


27" 


24" 


24"1 


Front Steps Number 


1 


2 


2 


2 


Step Height Nominal 


14" 


13" 


13" 


14" 


Step Height Kneeled 


10" 


9.5" 


8" 


8"i 


Front Steps 
Riser Height 


8" 


9.5" 


8" 


8" 


Rear Door Floor 
^Height 


24" 


35" 




35" 


Rear Steps Number 


1 


2 


2 


2 


Rear Steps Riser 


9.5" 






10.2" 



Not to scale 



'With tow prof He tires, 10 inch with standard 26-inch tires. 



Exhibit A- 6 Relative Floor Heights — 
ADB vs. Transbus 
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PART B: THE DEBATE 

1979: The Confrontation 

As early as March 12, 197 9, the Grumman Flxible Corporation 
(GFC)^ announced its intention not to bid on TransbusT See 
Exhibit B-l for the announcement and reasons for Gxuraman's 
decision. By that time, Ed Kravitz was the Vice President of 
Engineering at Flxible and had seen the development of the 
Transbus and ADB designs. In his eyes (and others' at Grumman 
Flxible) there were some "technical impossibilities" in the 
Transbus specifications. Those 14 "impossibilities" are listed 
in Exhibit B-l. GFC argued that the Flxible ADB 870 actually 
was a Transbus because it met the goals of the Academy study. 

On April 27, 1979, General Motors sent a letter to 
Transportation Secretary Brock Adams informing him that- they 
would not be bidding on Transbus (see Exhibit B-2) . GM .noted 
that their RTS was accessible to the handicapped so that- was- not 
the issue they were declining to bid because they had 
concluded that Transbus was a losing business venture. 

The May 2 bidding deadline came and went and no bids were 
received. The DOT was put on the spot because there was a 
consortium of cities that needed buses and the September 
deadline for implementation of Secretary Adams' mandate was 
rapidly approaching. 

Hearings were held before the Subcommittee on Oversight and 
Review of the House Committee on Public Works and Transportation 
on May 16, 11, and 22. Testimony was provided by spokesmen from 
GM and GFC, key Department of Transportation personnel, and 
representatives of the various transit agencies. 

Ed Kravitz testified on behalf of GFC. Grumann 1 s stand was 
made quite clear by statements such as, 

As Transbus specifications evolved and changed, and while 
UMTA policy evolved and changed, many of the features of 
Transbus were adopted in the 870 concept development. As a 
result, the 870 has achieved most of the goals of the 
Transbus program. In that sense, we believe the original 
Transbus program is already a success as evidenced by the 
many features of the ADBs which are a direct outgrowth of 
the prototype program. We are delivering 870s with 
wheelchair accessibility. The key difference is eight 
inches of floor height — one step. [8] 

In defense of their no-bid decision, Mr. Robert Landon, 
President of Grumman Flxible continued, 



[8] Oversight and Review Hearings, p. 97. 
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Those criticizing us publicly for our no-bid decision have 
cited the fact that we have already built Transbus 
prototypes. We must point out that those prototypes were 
rushed to completion, many components were unique and 
unproven, and the completed Transbuses were never tested on 
^ the real proving ground actual revenue service. 
rf Furthermore, let me make it clear that the -Transbus 
prototypes had little in common with the present Transbus 
specifications. The present Transbus concept calls for new 
design, new tooling and new facilities to manufacture the 
new bus . [9] 

Further, Mr. Landon wondered why no one "seem(ed) willing to 
recognize" [10] that the 870 is a Transbus. "Is it because pri- 
vate enterprise responded independently? Or is it because the 
Federal Government just does not want to disengage?" [11] 

GM stated similar reasons for not bidding. They claimed 
that they had tried out a low floor but it had caused problems. 
Robert Truxell, Vice President and General Manager testified 
that, 

The RTX (GM's experimental RTS) met or exceeded virtually 
all of the Academy's criteria, . . Testing of the RTX and 
its evaluation by transit authorities reveals major 
engineering and operational difficulties with respect to 
its low floor. For example, the low floor did not provide 
adequate ground clearance for the vehicle. It also 
required unproven, experimental systems and components, 
such as axles, wheels, tires, brakes and running gear, 
which meant questionable reliability. There was also a 
significant weight penalty; anticipated maintenance costs 
were extremely high; and a greater number of parts — many 
of them critical -- was required. In addition, seating 
capacity was reduced. 

^ Primarily as a result of this adverse reaction to the low 
floor and subsequent discussions with transit officials, we 
found it necessary to accept a lesser degree of floor 
height reduction in the successor to the RTX. The low- 
floor feature, we concluded — if at all feasible — would 
require a much longer and more intensive research and 
development period. [12] 

In defense of their opposition to Adams 1 mandate, their 
statement continued, 

In opposing the Transbus mandate, General Motors did not' 
oppose transit accessibility. In fact, we fully support 



[9] Oversight and Review Hearings, p. 127. 

[10] Ibid., p. 127. 

[11] Ibid, p. 128. 

[12] Ibid, p. 151. 
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vehicle accessibility, and have demonstrated this support 
in our commitment to design and build a reliable lift 
device on the RTS . . . 

We opposed the 1977 mandate for four reasons: 

: H We believed that the low-floor ramp configuration, as 

*v mandated had serious drawbacks that would have 

resulted in less accessibility, not more; 

We questioned the stringency of the standards, which 
set specific design criteria, rather than giving 
performance-oriented standards; 

We believed that the time frame presented in the 
mandate was insufficient, particularly in light of the 
time needed to develop and test the many major- new 
components; and 

We felt that the DOT'S insistence on low-bid -procure- 
ments under the mandate would preclude introduction of 
high quality innovations . [13] 

Then the Department of Transportation got the chance to give 
their side of the argument. Linda Kamm, DOT Counsel, stated the 
DOT was "severely disappointed that no manufacturer chose to 
submit a bid on the Transbus Consortium procurement." She went 
ahead to cite some of the reasons that the DOT believed there 
were no bids. They attributed the lack of bids to the 
manufacturers' desire to push their ADBs instead of investing 
money in new technology for Transbus. Exhibit B-3 is an excerpt 
from Ms. Kamm's testimony expressing those views. 

Essentially, what came out of the hearings was that further 
review was necessary. Exhibit B-4 is the closing statement of 
the Subcommittee chairman. 

* In a written statement dated May 30, 1979, UMTA responded 
to Grumman-Flxible 1 s 14 specification impossibilities (see 
Exhibit B-5) . DOT then sponsored a study of Transbus by the 
MITRE Corporation. In July 1979, MITRE released its findings 
that the. manufacturers 1 decisions not to bid were "reasonable, 
understandable business judgments ."[ 14 ] A National Research 
Council Commission on Sociotechnical Systems report later that 
year supported MITRE ' s findings. 

On August 3, 1979, Acting Secretary Claytor approved a 
"temporary" delay in the effective date of DOT'S Transbus' 
Procurement Requirement. Transbus has not been touched since. 



[13] Oversight and Review Hearings , p. 153. 

[14] Transbus: An overview of Technical, Operational — and — Economic 

Characteristics (Virginia: The Mitre Corporation, 1979) , p.ix. 



18 



It would appear that the industry had "won" in the final 
battle over the innovative bus. Both GFC and GM were selling 
their ADBs, a specification had been issued and it seemed that 
they were coming out of the struggle looking great. Little did 
they know what lay ahead. 
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When this Administration took office, the elderly and handicapped community 
✓as outraged over the refusal to mandate Transbus, and the litigation by AM 
General over the initial ADB procurement had produced a virtual halt in bus 
procurements. Further, because of previous uncertainty over federal bus procure- 
nent policies, each of the three domestic bus manufacturers was in a different 
competitive position and was ready to sell and develop different products, leaving 
the transit bus market in disarray. if _ 

One of Secretary Adams earliest actions was to have the General Counsel s office 
review the statutory framework of the Transbus issue. The statutory guidelines 
seemed clear. In addition to DOT's general responsibility, under the UMTAct, to 
assist in the development of improved mass transportation facilities and equipment, 
a 1970 amendment added section 16 to the UMTAct declaring the mass transporta- 
tion needs of elderly and handicapped persons to be of special national importance 
and requiring DOT to exercise a particular leadership role in assuring that these 
rights were protected. 

Two years later, section 504 of the Rehabilitation Act of 1973 added further 
statutory support by establishing the right of every handicapped person to be free of 
discrimination in any federally-assisted program. Transbus, we believed, offered an 
opportunity to fulfill these statutory requirements by mandating technological im- 
provements which would enhance the accessibility of mass transportation facilities 
to the elderly and handicapped while producing a better bus overall. 

Against this background— a clear policy goal, strong statutory guidelines, stymied 
bus procurement, and a major research program dropped before fruition— we decid- 
ed to reopen the question of a Transbus mandate. We held a new round of public 
hearings and meetings with representatives of the three principal American bus 
manufacturers, elderly and handicapped groups, local transit officials and others. 



On May 19, 1977, the Secretary issued the Transbus mandate. Based on the 
hearing record and the experience with the prototypes, we concluded that it was 
within the industry's technological capability to ensure that elderly and handi- 
capped persons were accorded access to urban mass transit buses through the 
introduction of a new low floor design. 

We recognized at the time of the mandate that there were remaining product 
development issues. But all three manufacturers had built prototypes and the 
feasibility of building the bus was never in question. We believed that the manufac- 
turers could meet the challenge of producing Transbus. And we believed the pres- 
sure of effective competition among them would result in its prompt introduction 



To meet the low floor requirement and the State and Federal axle weight limits, a 
new double rear axle, smaller wheels, brakes and tires would have to be developed. 
These new components would be unique to Transbus, therefore making manufactur- 
ers less willing to invest in their development. In contrast, several current bus 
^omoonents can also be used on intercity buses and trucks. 



Tne tramework ot a limited market and a small number of manufacturers is one 
which, by its very nature, is not likely to lead to significant or rapid experimenta- 
tion or to bold new initiatives. UMTA, through its efforts to encourage consortia of 
buyers and progress payments, has sought to make procurements more attractive to 
the manufacturers. The consortium of Los Angeles, Philadelphia, and Miami, with a 
combined order of 530 Transbuses to be followed by other consortia was an impor- 
tant feature of our effort to launch Transbus. 

Undoubtedly the fact that both GM and Grumman-Flxible have made consider- 
able investments and have begun marketing their ADB's within the past three 
years creates a strong corporate interest in trying to maximize the sales of those 
vehicles before making new design changes and considering additional investments. 



Exhibit B-3 Excerpts from DOT Counsel Kamm's Testimony 
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PART C: THE ADBs 
197 9-1980: The ADBs Hit the Streets 

Mike Buckel had been working with local transit agencies 
during the previous few years. Then between June 21, 1979, and 
February 29, 1980, he was involved in the testing of the GFC 870 
for Metropolitan Atlanta Rapid Transit Authority (MARTA) and of 
the GMC RTS-II for Southeastern Michigan Transportation 
Authority (SEMTA) . The two agencies had contracted Booz-Allen 
to perform the specification testing. Mike found "numerous 
areas where they didn't meet the specification. . . When we 
were in Atlanta, we saw Flxibles coming in that were breaking 
up. In fact, one came in with the engine nearly dragging on the 
ground, the cradle was falling apart." Booz-Allen had found 
cracks in both the body and under structure during their tests, 
months before they occurred in actual service. Exhibit C-l 
shows an excerpt from the original specifications an_d the 
corresponding test results. 

Mr. Buckel saw terrible problems with the RTS-II thermal 
management. The "air conditioner was in series with the 
radiator, so the condenser was pouring heat into the radiator 
and then they had to have a huge fan that required 35 horsepower 
to get enough air through the two systems and as a result it 
vacuum cleaned the street — sucked up all the . . . sand and 
dirt into the condenser and radiator. Then you spill a little 
oil, get some trash back there and you pack the condenser full 
of sand and dirt." 

Obviously, all was not well with the ADBs. It was not until 
much later in 1980 that the problems Mike buckel had seen began 
to surface publicly. At that time, the Booz-Allen report became 
"really scarce" in Mr. Buckel 1 s words. 

Ed Kravitz was still Vice President of Engineering at 
Grumman-Flxible when problems began to occur. He became very 
disturbed by the way in which the problems were bei-ng dealt 
with, especially in New York which he saw as the catalyst for 
the bad publicity which was soon to follow. 

Problem s in New York 

When it became evident in November 1980 that there were 
fatigue cracks in some of the buses, the New York City Transit 
Authority (NYCTA) pulled the entire fleet of 870s off of the 
street. Mr. Kravitz was shocked because past practice was to 
pull only the buses with problems, fix t'fiem and send them back 
out. He repeatedly attempted to contact the engineers at NYCTA 
but was not allowed to speak with them for a month because of 
potential legal problems. Mr. Kravitz felt that was the "single 
saddest part" of the ordeal. He thought it was wrong to have 
lawyers involved "in a technical problem they knew nothing about 
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and to allow them to lay the groundwork for correcting the 
difficulties . " 

Following the fleet pull, there was much bad press for 
Grumman in New York . A newspaper reported that an engine had 
fallen out - an impossibility according to Ed Kravitz. After a 
protest from Grumman, a retraction was printed. Mr. Kravitz was 
wonxiering why such a big fuss was being made over their repair 
procedures. He felt that the NYCTA was looking for something on 
which to blame their poor maintenance of streets and buses. 

1981: The Repairs 

In January 1 981, Grumman began an extensive study into the 
causes and cures for the problems . Exhibit C-2 is a flow chart 
of the modification procedures. Grumman 1 s proposed solutions 
were scrutinized by a panel of engineers for NYCTA. i Also, 
Battelle Memorial Institute did an independent study of the 870. 
Exhibit C-3 shows the major components of the 870- and 
Exhibit C-4 contains Battelle f s description of the "--vehicle 
loading and a diagram of where and when the cracks occurred. 

In evaluating the original design, Battelle found four types 
of problems : 

(1) Fatigue cracks - generally occurred in welded steel 
structural members, including undercarriage (front and 
rear) , door frames, mullions, engine cradle/ also found in 
aluminum side wall top rails and one side wall panel. 

(2) Buckling or excess deflection - usually confined to the 
rear shear panels of the engine compartment. Some sagging 
of the rear and front ends of the bus were noted. Front 
sagging was usually traceable to cracked door frame posts. 

(3) Bolt hole elongation - reported in fuel tank mounting 
t ^ holes, where the tank attaches to the side support 

brackets. These brackets attach the tank to the bus body. 

(4) Rivets - some body rivets needed to be replaced because 
they were loose or corroded. [15] 

The design problems were the result of underestimating the 
stresses from streets such as those in New York with potholes, 
etc., overlooking effects of stress concentrations and some 
misinformation about material properties of High Strength Low 
Alloy (HSLA) steel in welded versus unwelded states. 

Exhibit C-5 shows the crack locations in the A-frame, engine 
cradle, trunnions and sidewalls. Almost all of the fatigue 
cracks in those areas were located in the vicinity of welds. 



[15] Study of Grumman Flxible 870 Advanced Design Bus Structural Failures 
(Columbus, Ohio: Battelle, 1982), p. 2-3. 
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The analysis of the welds were summarized in the Battelle report 
as follows, 

GFC indicated that the material property data used in the 
original fatigue analysis of the 870 ADB was based on 
unwelded property data . Therefore, one potential problem 
r that was overlooked in the fatigue analysis is the effect 
of welding. The undercarriage is constructed of 
two . . . HSLA steels, having minimum yield strengths of 
50,000 and 80,000 pounds per square inch. . . Typical 
steels used in the past for transit vehicles have had yield 
strengths of 35,000 to 40,000 psi. The HSLA steels achieve 
higher strengths by refining the grain size of the steel 
through controlling the rolling procedure and/or by micro 
alloying to achieve a precipitation strengthening or grain 
refinement . The fatigue strength of the HSLA steels is 
generally better than the previously lower strength steels 
as is demonstrated in [Exhibit C-6] . Note, however, that 
when the steels are tested in a welded condition . . . the 
fatigue resistances of the HSLA and lower strength steels 
are almost identical. It appears that during welding some 
of the benefits of the refined grain size are lost. 
Possibly the design engineers were depending on the fatigue 
strength of HSLA steel to scale in proportion to their 
yield strengths, if so they were not the first to be 
misled. [16] 

The harshness of the New York environment on the buses was 
something that Flxible engineers had not fully taken into 
account when designing the buses. Exhibit C-7 shows how much 
earlier failures occurred in New York as compared to the other 
cities. In fact, while the modification program progressed over 
a two year period, Ed Kravitz found that some of the other 
transit systems were running the 870 continually with no 
problems in these areas. 

^ Poor design with respect to stress concentrations was 
another criticism of the 870. Some of Grumman ' s modified 
designs to strengthen members and relieve stress concentrations 
are shown in Exhibit C-8 . 

After much review, the New york Panel approved Grumman 1 s 
modifications and the repairs were made. GFC modified all of 
their 870s around the country. 

The GM buses 1 problems (and there were many) never got the 
publicity that the 870 did. According to Mike Buckel, there 
were law suits against GM in Westchester and Philadelphia based 
on a design defect in the air conditioning system of the RTS-II. 
To solve the problems, General Motors offered a modification 
package for about $6,000 ($10,000 by the time it was installed). 
In San Antonio, for example, one-third of their RTS-IIs were or 



[16] Ibid., p. 4-38. 
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In San Antonio, for example, one-third of their RTS-IIs were or 
would be modified. In 1980, GM came out with the RTS-04 in 
order to "get around fixing the problems." 

Both General Motors and GFC lost many millions of dollars, 
but the engineering problems were fixed. Ed Kravitz came out of 
the ordeal "disappointed at the lack of professionalism 
displayed by the press and the inaccurate reporting bordering on 
sensationalism. Many 'facts' reported were proven to be un- 
true." In addition, Mr. Kravitz stressed that "no reports of 
passenger injury were ever produced on any 870 coach whereas 
several incidents occurred on the GM RTSs." 
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Spec i float ion 
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folium -tit 




2.1.1.1 Body Design 


Mini m i ze whee J -<jtriii:ruted 
spray and splash on win- 
dows 


Window visibility 


Visibility out passenyer 
windows markedly reduced 
after operation 
on wet, salty roads 




1 


2.1.2.1 Body Strength 
and r'atiyue 
Life 


Witiistand impact and 
ineitial loads due t_o 
norma I street t tu ve 1 


liody structure 


Cracks in body and rear 
portion of coacli 






2.1.9.2 L'xterior Access 

Door 


Convent i oiial or panto- 
graph hintjed doors 


Access doors 


front access door for 
windshield washer nse- 
voir and tow hooks not 
liinyed, top A/C access 
do*>r not hintjed 





2.1.2 STRUCTURE 

21.2.1 Strength and Fatigue Life 

Under normal conditions of transit service throughout the service life of the coach, 
the basic structure shall withstand fatigue damage that is sufficient to cause Class 1 or 
Class 2 failure. The structure shall also withstand impact and inertial loads due to normal 
street travel throughout the coach's service life without permanent deformation or 
damage. 

(18) Classes of Fa/lures. Classes of failures are described below. 

(a) Class 1: Physical Safety. A failure that could lead directly to passenger or 
driver injury and represents a severe crash situation. 

(b) Class 2: Road Caff. A failure resulting in an enroute interruption of 
revenue service. Service is discontinued until the coach is replaced or 
repaired at the point of failure. 



Exhibit C-l Excerpts from Booz-Allen MARTA Report (top) 
& "White Book" Specification (bottom) 
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Exhibit. C-2 Modification Flow Chart 
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Exhibit C-3 Major Components of GFC 870 
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The 870 AOB embodies many unique design and fabrication concepts 
that have received a great deal of praise. One unique feature 1s that the bus 
Is fabricated 1n sections. Each section 1s essentially completed before 1t Is 
joined with the other completed sections. These sections can be divided Into 
two categories, those used In the bus body and those used 1n the under, 
carriage. The body 1s comprised of six sections, namely, the floor, roof, 
curbside-sldewall, road$1de-s1dewall, and the front and rear closures. The 
undercarriage on the other hand, 1s comprised of five sections, the A-frame, 
engine cradle, front Mechanical assembly, fuel tank and trunnion. Many of 
these sections are visible 1n Figure 1-1. 

Another unique feature Is the Interlocking joint design used 1n 
Many of the sections of the 870 AOS. These patented joints connect the roof 
and floor to the sldewalls and are also used to connect the sidewall extru- 
slons to each other. The various connections are Illustrated 1n Figure 1-2. 
During the asset* ly process these joints are Interconnected and then Injected 
with epoxy to lock them In place. 

The Method by which the over-the-road service loads are supported, 
Is also somewhat unique for a bus. The 670 AOB does not have a subframe that 
runs the length of the bus as 1n a conventional design, but rather the body of 
the 870 AOB 1s used to transmit the loads between the front and rear sections 
of the undercarriage. At the front of the bus, the body simply rides on the 
front mechanical assembly. Whereas, at the rear of the bus the suspension 1s 
somewhat more complicated. The vertical forces applied to the rear wheels are 
transmitted Into the body by means of two load paths. One 1s through the 
front of the A-frame by way of the trunnion end fuel tank. The other Is 
through the rear of the A-frame by way of the a 1r bag springs and the engine 
cradle. The engine and engine cradle are essentially hung from the rear of 
the bus, by means of two strut rods, one on each side of the bus. 

Since there 1s no continuous subframe under the B70 ADB, vertical 
bending loads, such as those due to the weight of the bus and passengers for 
example, are carried by the bus body. The vertical bending loads generate 
forces 1n the body. In slmole terms, these forces can be thought of 1n terms 
of tension, compression, and shear. Bending of the body due to weight loading 
produces a tensile force 1n the floor a compressive force 1n the roof, and 
shear forces 1n the sldewalls. Shear forces 1n general tend to distort things 
like window and door openings from their original rectangular shape Into 



parallelograms. It 1s also possible that shear forces could be produced 1n 
the bus body that would cause the rectangular shape of the cross section of 
the body to be distorted Into a parallelogram. This dis torsion would be 
resisted by the stiffness of the front and rear closures and by the stiffness 
of the floor to the sidewall, and roof to sidewall joints. Since the B70 AOB 
does not have a conventional subframe conditions encountered during normal 
operation, other than those due to bus and passenger weight, also cause forces 
to act on the bus body. 

Longitudinal (fore-aft) forces are produced 1n the bus body during 
acceleration, deceleration, and braking. At the rear of the bus, these forces 
act at the wheels, and are transmitted from the wheels Into the A-frame, the 
trunnion, the fuel tank and then Into the bus body. At the front of the bus, 
longitudinal forces also act at the wheels. These forces are transmitted from 
the wheels Into the axle, the radius rods, the front mechanical assembly, and 
then Into the bus body. Longitudinal forces cause tension or compression in 
the body, as a whole, depending on their direction. 

Lateral (side) forces, such as those encountered during turns or 
curb- Impacts are also transmitted Into the bus body. At the front end of the 
bus these loads are transmitted from the axle to the front mechanical assembly 
by the panhard rod. One end of the panhard Is attached to the axle while the 
other end 1s attached to the front mechanical assembly, and thereby provides a 
load path from the wheels Into the body. Lateral forces are transmitted into 
the bus body at the rear of the bus, 1n a similar manner. A rear panhard rod 
attaches to the A-frame on one end and to the engine cradle on the othe-. The 
load path 1s therefore as follows, from the wheels to the A-frame, to the 
panhard rod, engine cradle and into the bus body. Another load path also 
exists at the rear of the bus. It 1s from the A-frame, to the trunnion, fuel 
tank and into the bus body. The lateral forces cause bending of the body from 
side to side. This side bending causes the sldewalls to be loaded in 
tension/compression, while at the same time produces shear forces In the roof 
and floor. These forces are analogous to those caused by vertical bending. 

It 1s also worth noting that torsional forces can also be applied to 
the bus body during normal operation. Torsion of the body produces shear 
forces 1n the sldewalls, roof, floor, and the front and rear closures. As 
before, shear forces such as these tend to cause distorsion of the various 
sections of the bodv. 
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Exhibit C-4 GFC 870 Loadings and Crack History 
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SHOCK PJN DETAIL (TYP) 

ENGINE CRADLE CRACK LOCATIONS. CRADLE SHOWN IN AN 
INVERTED POSITION, (NUMBERS INDICATE AVERAGE 
MILEAGE WHEN CRACKS WERE DETECTED) 




A-FRAME CRACK LOCATIONS, NUMBERS INDICATE AVERAGE MILEAGE WHEN 
CRACKS WERE DETECTED 



Exhibit C-5 Crack Locations in Affected Parts 
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TRUNNION MOUNT CRACK LOCATIONS (NUMBERS INOICATE AVERAGE 
MILEAGE WHEN CRACKS WERE DETECTEO) 




SIOEWALL PROBLEM AREAS 



Exhibit C-5 cont. 





b. Welded 



Exhibit, C-6 HSLA Steel Properties 
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Exhibit C-7 Relative Crack Mileage from Various U.S. Cities 
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b. Modrfied 
PICTORIAL VIEW Of 96-INCH A- FRAME 




a Unmodified 

(Centerline weld crocks ot the point 
where the rood ond curbside 
beoms intersect.) 



"A" FRAME 




b. Modified 



AND APEX FITTING 



Exhibit C-8 Design Modifications 
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PART D: NOW WHAT? 
UMTA'S Role 

UMTA has been criticized for not playing more of a role in 
the testing of the ADBs . The General Accounting Office reported 
that "UMTA generally does not assume any responsibility for 
testing buses and does not require any testing to demonstrate 
that the buses being funded meet the requirements of its 
specif ications . " [17] It is ironic that when UMTA did take 
charge of a bus project — the Transbus — from the design phase 
through testing, it backfired. 

It is generally agreed that Transbus is too expensive an 
endeavor, but a lot was learned about bus technology as a by- 
product of the project. ADBs are still in production and most 
of the problems have been ironed out. Foreign manufacturers 
have entered the market. 

Mike Buckel is still at Booz-Allen and he thinks that 
Transbus could make a comeback some time in the future if the 
technology catches up. Ed Kravitz is still with Flxible, but 
the 870 issue is not dead. Grumman sued Rohr industries in 1983 
claiming that Rohr knew the designs had some problems. Grumman 
then sold the Flxible company in July 1983. Exhibit D-l is an 
article from the New York Times announcing the sale. 



[17] The Urban Mass Transporta tion Administration's Involvement in Bus 

Specification and Testing: (Washington: U.S. General Accounting Office, 
1981) p. 15. 
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FbribleSale *~ 

* - 

The General Automotive Corporal 
tion, Ann Arbor, Mich., said U^fcad 
completed the acquisition of the as- 
sets of the Grumman Corporation 
Fbdble bus subsidiary for an undis- 
closed amount of cash, notes andpp* 
ferred stock. General Automotive, a 
privately held corporation, . said 
Fbdble has an order backlog of about 
600 buses worth more than $1Q0 mil- 
lion at its Delaware, Ohio, plaiif^he 
company also said the General Elebr 
trie Credit Corporation had granted^ 
$45 million line of credit to Flxible: 
The subsidiary had been losing n>oney 
for Grumman, mainly as a result of 
problems with cracked frames in one 
model of bus. 



Exhibit D-l New York Times Article on Flxible Sale, July 1983. 
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This case examines the efforts of the United States 
Department of Transportation to encourage the development of an 
innovative bus in the 1970s* The ensuing struggle in the 
evolution of the bus designs makes for an interesting story of 
an engineering challenge. The story focuses on the battle 
between what the government wanted and what the manufacturers 
coxHd or would produce, < 
'"-^ - * 

As a highlight, the roles of two engineers in the project 
are included. One works for the research and development firm 
contracted by DOT, the other for one of the manufacturers. Each 
played a key part in the development of a bus that would be 
accessible to the elderly and handicapped, appealing to the eye, 
comfortable, maintainable and energy efficient. 

There are several educational uses for this case; much is 
deliberately left to the instructor's choice. The case is 
separated into four main parts allowing the instructor to omit a 
section to fit the case into a given amount of time or to 
provide a focus on a particular aspect of the case, . 

Most upper-division engineering students using this case 
will have the appropriate technical skills to analyze the bus 
design problems in some detail. Exhibits C-4, C-5 and C-8 
present problems and solutions to structural flaws; Exhibit C-7 
provides a good basis for strength of materials problems; and 
Exhibits A-2, A- 5 and A-6 have information that an engineer 
might consider in overall design options. 

Engineering students can also learn from the non-technical 
aspects of the case. One interesting topic is the way in which 
industry can influence policy decisions. If no one will produce 
the bus, all the mandates in the world will not get one into 
production. Another subject might be anti-trust laws and free 
competition. 

The student who has used the case well should' become 
sensitive to the many political and technological forces which 
govern the development of an innovative project. 

The following are some suggested questions which might be 
helpful in the classroom on homework or examinations. 



PART A: IMPLEMENTATION OF A NEW DESIGN 

1, What is the role of the Urban ^Mass Transportation 
Association (UMTA) ? 

2, Why was the schedule presented by UMTA unreasonable? 

3, What other industries were involved in innovative technology 
for the bus and how might their state-of-the-art influence a 
bus design? 



Suggest some specific tests for durability and/or safety. 

Why would GM have been bringing two designs along in 
parallel? 

How could the difference in step height become^a -major 
problem in boarding a bus in a wheelchair. 

Why did the DOT allow manufacturers to go into production 
before a specification was drawn up? 

In your opinion, was the Houston Consortium exclusionary? 

Suggest a way in which some continuity of purpose and goals 
might be achieved over successive administrations. 

Why might the tandem axle have presented structural problems 
in the design of the Transbus? 'J- • 



PART B: THE DEBATE 

Suggest some solution to Grumman f s 14 impossibilities. 

Were the manufacturers correct in their refusal to bid? Why 
or why not? Cite political, technical and financial 
reasons. 

If accessibility was not at issue, why would UMTA make a 
fuss over the ADB? Was the ADB indeed a Transbus? 

Was the 22" floor impractical? 

Why was the technology advancement compressed into a few 
years? 



PART C: THE ADB 1 S 

What possible causes were there for engine cradle cracks? 

Why 'might GM not have realized that the combined air 
conditioner/radiator could cause problems? Suggest an 
alternative to the 35 hp fan for cooling. 

How can the media affect technological decisions? 

Suggest your own procedure for fixing the 870 f s structural 
problems . 

How would you set up a laboratory to analyze and -fix the 
problems with the 870? 



Using what you have learned in solid mechanics, explain why 
there were fatigue cracks and buckling. 

What kinds of factors would you suppose acted on the buses 
when they were in service and what caused those stresses? 
(See Exhibit C-3) j~ 

Explain in your own words why the material properti'ee^of the 
HSLA steel were misrepresented. 

Why wasn't the same rigorous testing done before the ADB's 
were in service, before millions of dollars were invested? 

PART D: NOW WHAT? 

Was the Transbus project worth the $28 million . the 
government spent on it? 

What lessons were learned from the Transbus/ADB confJ4.ct? 



